Broadband changes everything. Or so we are told. But does it? There is only one way to find out -follow people who move from narrowband to broadband internet access and see what changes. This paper reports exactly this kind of analysis using data from a two wave European panel study (e-Living) and the lagged endogenous regression approach to see if switching to broadband increases the time spent online, the use of online communication services, the breadth of internet activities and the amount of online spend, and whether it decreases the time spent watching TV and the level of social leisure activities. The results suggest, in the main, that switching to broadband made little difference for this group of early broadband adopters who were already heavy internet users. There was no evidence of an online spend or social leisure substitution effect although there was evidence of a reduction in time spent watching television, and an increase in email in use, time spent online and breadth of internet use. In all cases however it was the previous levels of behaviour that were the most significant and switching to broadband was, in general, one of the least strong effects.
Introduction
At the time of writing there is an almost ceaseless stream of news flashes and marketing messages trumpeting the future social and economic (not to ignore profitable) opportunities of broadband internet access in the home. This has not gone unnoticed in policy circles since the early 1990s (Bangemann 1994; DTI 1994) . More recently and as a natural progression from the Bangemann report, the eEurope 2005 Action plan 1 states:
broadband enabled communication, in combination with convergence, will bring social as well as economic benefits. It will contribute to e-inclusion, cohesion and cultural diversity. It offers the potential to improve and simplify the life of all Europeans and to change the way people interact, not just at work, but also with friends, family, community, and institutions. (CEC 2002, p. 8) But is this happening and what evidence do we have of the difference that broadband makes to the domestic user? After providing a working definition of 'broadband' the paper summarises the literature to date, describes the e-Living data and then provides descriptive results on the uptake of household broadband internet access in the six countries of the e-Living survey (UK, Italy, Germany, Norway, Bulgaria, Israel) as background to the remainder of the paper. Rather than repeat previous analyses of indicators of uptake we use the unique longitudinal nature of the e-Living data to conduct new analysis of the routes households take into broadband and to develop models of the 'impact' of switching to broadband between wave one (2001) and wave two (2002) on time spent using the internet, online communication and other activities, social leisure, watching TV and e-commerce. We focus on these issues because they are germane to a number of sociological, policy and commercial preoccupations:
. Does broadband internet access lead to more time being spent online? Or is it that people can do more in the same amount of time that is available to them?
. Does broadband access lead to greater breadth of use as the flat rate and high speed support a wider range of services and activities? As a result do users become more sophisticated? Does broadband help to 'up-skill' internet users?
. Does broadband increase the use of communication services and therefore increase social interactions or relationships? We might expect that if it did there would be socially beneficial outcomes with respect to higher levels of social capital (Portes 1998; Putnam 2000; Licoppe & Smoreda 2006; Li et al. 2005) . On the other hand, might broadband internet access lead to less out of home social engagement in a dystopian future as some might suggest (Nie & Hillygus 2002) ?
.
Might the usage of broadband either for content or for new forms of leisure lead to a reduction in TV viewing and an attendant switch in potential advertising revenues?
To what extent does broadband enable more (or more valuable) e-commerce transactions by households?
The paper concludes with a summary of the results and a brief discussion of their implications.
What do we know already?
The processes of choosing a broadband connection, the characteristics of those who do so and the possible effects this has have been the focus of a number of studies (Hoag 1997; Madden & Simpson 1997; Kridel et al. 2002; Anderson et al. 2003; Lee et al. 2003; Paynter & Chung 2003; Ida & Kuroda 2006; Robertson et al. 2004; Choudrie & Dwivedi 2006) Madden and Simpson (1997) base their analysis of who would be likely to adopt broadband and what they would be prepared to pay on data from hypothetical statements.
Of the others, Hoag used a single cross-sectional survey of cable modem and narrowband users in the USA to establish that there were few sociodemographic differences between the two groups (confirmed by Anderson et al. 2003) but that broadband users tended to make more use of FTP and the Web than narrowband users and also to spend more time online. She also showed that they made more use of a wider range of applications and were more satisfied with their Internet experience. Kridel and colleagues (2002) used a multinomial logit model to describe the broadband choice process of households in a cross-sectional survey conducted in the US in 2000. They found that age, income and education level, as well as price, are all highly significant predictors of choice in their model. Lee et al. (2003) provide an analysis of the rapid take-up of broadband internet in South Korea between 1998 and 2001 by when up to 50 per cent of all households had adopted. They focus primarily on supply side issues such as market competition, national policies and infrastructure investment. However they also note that the mobilisation of demand through IT literacy activities particularly targeting housewives, the elderly, military personnel and farmers may have had a significant effect in driving up demand and thus uptake. Lee et al. also suggest that Asian cultures are more likely to use the Internet for inter-personal communication than non-Asian cultures and that the increased affordances for this aspect of usage may also have contributed to increased demand for broadband although, as we shall see, non-Asian cultures also make significant use of (broadband) internet services and applications for social communication.
Like Kridel et al., Paynter and Chung (2003) used cross-sectional survey data from New Zealand and a factor analysis technique to uncover clusters of service values of narrowband and broadband users and then to use these
loadings as the basis for the modelling of service satisfaction. They showed that cost is related to likelihood of future broadband usage and, unlike Hoag, that early broadband adopters in New Zealand were sociodemographically distinct from narrowband users. Thus men were more likely to adopt than women as were those with higher computer skills and those who used the internet more per day. Interestingly educational status, age and income made no difference.
In the UK Robertson and colleagues (2004) Robertson et al. found that there was a marginally stronger effect for broadband as opposed to narrowband at this time and they also suggest that downward shifts in broadband price will lead to many more narrowband users switching to broadband as the prices equalise and that this would be concentrated in higher income and ICT acceptance groups.
Pew Internet data for the USA have been used to analyse the differences between broadband and narrowband users (Horrigan & Rainie 2002) . These data suggested that broadband users spent more time online, did more things and did them more often than narrowband users. They also suggested that home broadband users were 'typical early technology adopters' being disproportionately well educated, wealthy and male.
However such studies of difference tell us nothing at all about broadband related outcomes. Indeed recent authors have noted that few academic publications focus on the impact of broadband on the kinds of social and personal issues discussed in the introduction in contrast to the developmental and macro-economic issues (Firth & Mellor 2005) . Firth and Mellor note that the results of even these economic analyses tend to provide more rhetoric than empirical analysis and call for a diverse analysis of the outcomes of broadband internet access. This paper therefore provides a timely contribution of exactly this kind of analysis.
Definitions
What do we mean by 'broadband'? According to the ITU (2003) 'Broadband is commonly used to describe recent Internet connections that are significantly faster than today's dial-up technologies, but it is not a specific speed or service'. Recommendation I.113 of the ITU Standardization Sector defines broadband as a transmission capacity that is faster than primary rate ISDN, at 1.5 or 2.0 Mbit/s. Elsewhere, broadband is considered to correspond to transmission speeds equal to or greater than 256 kbit/s, and some operators even label basic rate ISDN (at 144 kbit/s) as a 'type of broadband'. In this paper, while not defining broadband specifically, 256 kbit/s is generally taken as the minimum speed and so we use the following definitions:
. analogue ¼ narrowband Internet access (does not include ISDN)
We should note that in Wave 1 the e-Living survey item asking about Internet access mode had one merged category for ISDN, cable modem and ADSL. As a result it was not possible to distinguish ISDN equipped households from ADSL/cable modem equipped households in the Wave 1 data. This was rectified at Wave 2. Where Wave 1 data are used and this distinction matters to the analysis, this problem is noted. However Wave 1 data can be used for longitudinal analysis which examines those who had analogue modem access at Wave 1 but had adopted broadband Internet at home by Wave 2 (for example).
The e-living survey data e-Living was a two wave panel conducted in six 'European' countries (UK, Norway, Germany, Italy, Bulgaria, Israel) in 2001 and 2002 (Raban 2004) . The survey carried extensive items on ICT ownership and use as well as labour market activity, education and skills, social networks (social capital), attitudes and well-being as well as standard sociodemographic variables such as income, age, gender, household type, housing tenure and so forth. The data are now in the public domain via the UK's Social Science Data Archive.
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Wave 1 of the e-living survey collected data on a single individual in some 1750 households in each of the six surveyed countries in late 2001. These households were selected using a form of stratified random sampling in conjunction with the first-birthday rule to achieve a sample that was representative of the national populations. Computer Aided Telephone Interviewing (CATI) was used in all countries except Bulgaria where the low penetration of fixed-line telephony mean that face-to-face (PAPI) interviewing was used. This is reflected in the overall Wave 1 response rates.
The e-Living Wave 2 survey attempted to re-interview these respondents in late 2002 using the same methods (CATI in all but Bulgaria) even if they had moved and it also sought to interview their partners if present. In addition an extra survey instrument was introduced at Wave 2. This was a 24 hour time use diary derived from a method developed by Kestnbaum et al. (2002) which asked the respondent to recall his/her sequential activities starting from 0:01 the previous morning through to 11:59 the previous evening (see (e-Living consortium 2002) ). Overall response rates for Waves 1 and 2 are given in Table 1 . As we can see, between 60 per cent (Israel) and 83 per cent (Bulgaria) of Wave 1 respondents were re-interviewed at Wave 2 of whom nearly all completed the 24 hour time use diary except in Israel. A reasonable sample of partners was also achieved of whom most also completed the timeuse diary again with the notable exception of Israel.
As we can see from Table 2 , in the e-Living countries in 2002 Internet households with broadband were most prevalent in Israel, Norway and Italy with the UK and Germany lagging behind. Bulgaria may appear to have had a broadband penetration rate similar to that of other countries but this in fact represents five households. Given our per country longitudinal sample size of around 1,100 we can see that the number of households in each country that switched from narrowband to broadband internet access between Waves 1 and 2 is small. This restricts some of the analyses that are possible and, in particular, forces us to pool the households from all countries and exclude Bulgaria as we discuss below.
Analytic approaches
We might hypothesise that moving to broadband would increase the amount of money individuals spend online due to the always-on nature of access supporting 'ad-hoc' e-commerce and to the higher speed access supporting a more efficient interaction with e-commerce websites. As a simple way to analyse this, Figure 1 compares the mean euros spent online in the last three months by narrowband users who did not move to broadband with those who did. We can see that those who moved to broadband were already heavier online spenders before they switched and that after switching their spending increased although not substantially (and not significantly) so. Indeed those who did not switch to broadband increased their spend by, on average, 217 per cent whilst switchers increased by 197 per cent. In other words the general trend to spend more online eclipsed the supposed 'broadband effect'.
But of course this is still a relatively simple picture. We do not know the influence of internet experience, age, gender or education, all of which may be mediators of internet use as may changes in life stage or lifestyle such as getting (or losing) a job, becoming a parent or retiring. To do this we need to use multivariate techniques which aim to predict current (Wave 2) behaviour on the basis of historical (Wave 1) behaviour and changes between Waves 1 and 2 such as adopting broadband or losing a job. It is to this that we now turn.
In order to analyse the change in behaviour that can be attributed to switching from narrowband to broadband we use a lagged endogenous regression model 3 which has the advantage of controlling for Wave 1's value of Y in predicting the value at Wave 2. If we want to know how a 
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change in X has changed Y then we need to take this out. Controlling for the effect of the lagged value of Y on current values of Y is argued to be the most powerful way to ascertain causality (Finkel 1995) and such is its suppressing effect on the variation to be explained by the other independent variables that a significant effect is likely to be reliable. In the remainder of the paper we present the results of multivariate models we have developed to test the effects of adopting broadband on internet time, aspects of online communication (emailing), the range of internet activities carried out, TV watching time, online spending, satisfaction with social communication and social leisure activities as representative of the range of potential 'impacts' of broadband. In each case we have pooled all internet users at Waves 1 and 2 in five countries (Bulgaria is excluded) in order to achieve a reasonable sample size but have included dummy variables for the countries as controls to try to negate inter-country differences.
In the case of Internet time we want to know if moving from narrow to broadband is associated with an increase or decrease in time spent online whilst controlling for previous internet usage and other transitions. We also include a set of internet behaviour change variables and a measure of change in TV watching.
This model uses the survey estimates of minutes spent online at Wave 1 and Wave 2. Since this variable is skewed, in order to ensure an approximation to the normal distribution of the dependent variable we have transformed it by taking the natural log. Note that this excludes 10 cases where the original value was 0 since ln(0) is undefined.
In the case of emailing friends and relatives we want to understand the impact of switching to broadband on online social interaction and we use the frequency of emailing friends and relatives as an indicator of social capital. This model uses the survey estimate of the frequency of emailing friends and relatives which was recorded on a scale as follows: 
anything else that we have not already talked about
This variable approximates to a normal distribution and is therefore not transformed.
In the case of TV minutes per day we want to know if moving from narrow to broadband is associated with an increase or decrease in time spent watching
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TV whilst controlling for previous TV usage. This model uses the survey estimate of the number of minutes spent watching television per day. This variable approximates to a normal distribution and is therefore not transformed. We have also retained the longitudinal ICT usage variables from the internet time model to see if changes in online activity have any effect on TV time.
For online spending we want to know if moving from narrow to broadband is associated with an increase or decrease in overall online spending. This model is again broadly similar to the previous two but includes the Wave 1 and Wave 2 spend variables and leaves out the ICT behaviour variables relating to email as we have no a priori reason to suppose that this will be linked to online spending. However we include internet experience at Wave 1 as it is known to correlate with online spending and the change in time spent online between Waves 1 and 2.
This model uses the survey estimate of the total amount spent online in euros over the previous three months. This variable is highly skewed and, like internet time, we could use the natural log. However this would result in the exclusion of 1,327 cases compared with the other models and would merely tell us if switching to broadband had an effect on the amount spent for those who were spenders. Automatically excluded would be the effect of those for whom switching to broadband made no difference to their (zero) spending. We would therefore produce an overestimation of the 'population level' effect of switching to broadband and our analysis (not reported here) shows this to be the case.
As a solution we have chosen to recode online spending into two categories -high (being in the top 20 per cent of spenders) and low (the rest) and use a logistic regression model to analyse the impact of switching to broadband on the probability of being a high online spender at Wave 2 (after switching) whilst controlling for online spend at Wave 1. Whilst perhaps sub-optimal from an analytic point of view the nature of the data dictates this more robust approach.
For social leisure we want to know if moving from narrow to broadband is associated with an increase or decrease in out of home social activity. 4 This model is similar to the previous three but instead of the online spend variable we use an index of social leisure constructed from the sum of the frequency of undertaking the following social leisure activities (coded as 0 ¼ Never, 1 ¼ Several times a year, 2 ¼ About once a month, 3 ¼ About once a fortnight, 4 ¼ About once a week, 5 ¼ 2 -3 times a week, 6 ¼ most days): Finally in each model we include a dummy for switching from narrowband to broadband internet. Those who stayed with narrowband are coded as 0 whilst those who switched are coded as 1. All other cases, such as adopting broadband without having previously had narrowband which happened in a very small number of households, are excluded. We also include age, gender and educational level as well as a number of transition variables such as retiring, losing a job or changing work hours as well as dummy variables for each country. Internet experience is measured in number of years since the respondent first started using the internet. Table 3 reports the results of estimating these models and presents beta (standardised coefficients) for the OLS models and odds ratios for the logistic model. This enables us to compare the relative strength of the effects within each model and shows that, as expected, in each model the lagged endogenous (Wave 1, denoted 'W1:') variable was an excellent predictor of the Wave 2 value and partly as a result the performance of the models was reasonable.
Results
Overall, we can see that switching to broadband had a significant positive effect on time spent online, the frequency of emailing friends and family and the range of internet activities but a significant negative effect on time spent watching television. It had no effect on the probability of being a high online spender or on the frequency of social leisure. However in each case where an effect is seen switching to broadband is not the strongest effect, as we discuss below.
It is hardly surprising that the strongest predictor of current internet time by a considerable margin was the amount of time spent online last year. People's habits do not change that quickly. Switching to broadband was less important than the frequency of emailing friends and relatives (positive) and also less important than the structural effect of being female and or aged 45 -64 compared with being aged 18 -24 (both negative). Both internet experience and the number of internet activities were also significant.
Thus the more email one sends and the more activities one does, the more time one spends online and it is interesting to note that the effect for email is marginally stronger. Internet experience also has a positive effect as does the break-down in a relationship whilst being in a couple at Wave 1 and being female have a negative effect. These suggest that in general, and controlling for the other effects, those in a couple and especially women do not use the internet as much as others. Following on from this we can see that the score in the previous year overwhelmingly affects the frequency of emailing friends and relatives followed by the broadband effect, the level of internet experience and, interestingly, getting married.
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In the case of Internet activities again the level of activity in Wave 1 was a on overwhelmingly strong predictor of the level at Wave 2 and, as we might expect, internet experience was also significant. However whilst switching to broadband was significant, the structural effects of being aged 45-64 were stronger as was found for internet time. So not only does this middle-aged group spend less time online, they have a smaller range of activities as well. Interestingly those aged 75þ had much a much smaller range of activities than the 18 -24 even though, as we saw above, they did not spent significantly less time online. We should also note that there were strong educational effects such that compared with those with no 16þ qualifications, those with at least 16þ qualifications had a wider repertoire of online activities. Given that the model already controls for age (some older Europeans left school at 14) and internet experience this educational effect needs further examination.
Although the TV time model explains some 40 per cent of the variance in the time spent watching television at Wave 2 (r sq. ¼ 0.397) the only variables that proved statistically significant were the amount of time spent watching TV at Wave 1 (beta ¼ 0.592) and switching to broadband (beta ¼ -0.062).
As discussed above, switching to broadband has no significant effect on the likelihood of being a high online spender. Instead being female reduces the chances of being a high online spender by 30 per cent (odds ratio ¼ 0.702) whilst being aged 75þ reduces it by 84 per cent. Having 18þ education (A levels or equivalent) increases the chances significantly as does increasing the number of online activities and having greater internet experience.
This suggests that the 'broadband effect' on online spending discussed earlier is actually caused by differences between narrowband and broadband users at this stage in the uptake curve. We find no 'broadband effect' in these data. We find that the best predictors of the amount spent online are related to internet experience, usage and, perhaps, competence. Simply moving from narrow to broadband makes no difference.
Switching to broadband also has no significant effect on the indicator of social leisure and nor did the other internet related variables tested. These data do not support the view that increased time spent online automatically reduces social participation. For this sub-group of the population (internet users at each wave) getting a job decreases social leisure as does being aged 25 -74 (and especially 35-54) compared with 18-24. Increasing work hours also reduces social leisure as does, independently, getting a job.
We have repeated this analysis for each component part of the social leisure index (not reported here) and the patterns were identical but with one exception. Increasing the range of internet activities had a positive effect on frequency of meals out (item 3). Quite why this should be the case is unclear but it is possible, albeit tenuous, that increased social leisure opportunities of this kind are discovered through broader internet use.
Discussion and conclusions
In part this paper is inevitably a history lesson. The penetration of broadband Internet was still at an early stage in 2001 and 2002. Israel ranked with the UK, Germany and Norway in terms of households with PCs but the UK had proportionately more narrowband (analogue modem) Internet households than any other country. ISDN dominated in Norway and to some extent in Germany. Some households had multiple modes of access, the most frequent in the UK being analogue modem and cable modem/ADSL and ISDN with analogue modem/cable in Germany and Norway. This reinforces a finding from earlier research, which suggested that new cable modem and ADSL users were retaining their analogue modem access in case of broadband service failure (Anderson et al. 2003) .
Responding to our initial research questions, the six models that we have presented in this paper have used unique longitudinal data to examine the effect of moving to broadband on six 'representative' activities of interest primarily to the ICT industry but also to policy-makers -internet time, social communication, internet usage breadth, television time, amount of money spent online and out of home social leisure activities.
As we noted in the introduction to this paper a range of authors from market research consultancies to academics have proclaimed the 'impact' of broadband on these aspects of life. It turns out that such 'impacts' are rather weak when we have 'before' and 'after' data on the same individuals and can control for previous behaviour and a range of other simultaneous life changes.
We have seen that the greatest effect in all cases was not moving to broadband, although this was significant in four out of six, but the previous behaviour of an individual. We have seen also the strong positive effect on time online of the frequency of emailing friends and relatives thus confirming Kraut et al.'s similar finding for the USA (2000) and highlighting that it is not only Asian internet users who are driven to a great extent by social communication. This should remind us that those looking for 'killer apps' may need to further investigate services to support social communication rather than content consumption.
The results confirm previous findings using longitudinal data that getting household internet access had a negative effect on television use (Gershuny 2003 ) since this result also holds for switching from narrowband to broadband internet at home. That said our results also demonstrate the resilience of time spent watching TV to a range of life transitions. As the delivery of 'TV like' services over broadband emerges we might expect further erosion of time spent watching television delivered through traditional means. This does not, of course, mean that people will watch 'less TV' but simply that the mode of delivery and potentially the focus of advertising expenditure will change.
Perhaps the result which will cause the most disbelief in the ICT sector is that we have no evidence that switching to broadband will have any effect on the likelihood that individuals will become high online spenders. As with time online we can instead see a steady progression of online spend driven largely by experience not only in terms of years spent online but in terms of breadth of internet use. We can also see an effect for successful previous e-commercesince being a high spender this year is predicted by being one last year.
Of course this picture may have changed -those adopting broadband in 2002 were very early adopters and more recent adopters may exhibit different behavioural change. We must also be cautious because our sample sizes are relatively small and the number of switchers from narrow to broadband is low. We only have 12 months of data so at most people had been using broadband for 12 months and any changes we see here may be a novelty effect. On the other hand it may be that significant behavioural change has yet to come about in these households. But we have argued, and hopefully demonstrated, that we require longitudinal data to find out.
Overall the effects we see are largely caused by experienced/heavy users moving to broadband. In the future and possibly quite soon in some countries, as recent UK survey data suggest, less experienced 'average net users' and indeed new users will move to broadband. In this case we may see more substantial broadband-related change although the constraints of everyday life suggest that it is only a small group of people in any cohort who are able to absorb significant behavioural change. There is simply not that much slack in most people's lives for major shifts in behaviour in the short term.
On the other hand our results lead us to express some concerns about the potential social benefits of broadband. We have see in the case of the internet time, internet repertoire and online spend models that it is those who have the most experience and greatest breadth of use who are doing and spending more. If this pattern continues then broadband access will not change the structural problems already found in narrowband -those who have the knowledge and experience gain the most benefit whilst those who lack the skills, knowledge and perhaps self-confidence are left further behind as others have shown (Selwyn 2005) . This is not an issue that will be solved by technology or by policies that focus on penetration and access as opposed to utility, value and social outcomes. 
Where Y (t) is the value of Y at Wave 2, Y (t21) is the value of Y at Wave 1, DX is the difference between the value of X at Wave 1 and Wave 2 (X (t -X (t-1) ).
This may include a transition variable such as whether or not a household switched to broadband, Z (t21) is the value of Z at Wave 1.
This approach allows us to see more clearly the relationship between X and Y because we are removing the effect of previous values of Y. A good example is that if Y is time spent online then its value at time t is likely to be very strongly related to its value at t-1. 4 Unfortunately within this dataset we have no measures of intra-household social activity with which to test the hypothesis that heavier internet usage may lead to less intra-household communication.
